This paper discusses a method of compression mass gauge based on adiabatic compression and the effects of the uncertainty in the parameters measurement on the predicted amount of propellant. For accurate determination of the remaining mission life of the spacecraft, it is extremely essential to estimate the amount of propellant present in the propellant tank of the spacecraft at various stages of its mission life. It is important to study the extent to which the uncertainty in various instruments and other measured parameters affecting the predicted amount of propellant. With Monte Carlo simulation, it is found that the accuracy with which the propellant quantity can be estimated is highly sensitive to the precision of the tank volume measurement if all parameters uncertainty varied from 0~1% of full scale. It is also found that the influence of tank volume error is greater as the fill level climbs up and effect of pressure change error decreases contrarily
Introduction
Estimation of the total mission life of a spacecraft is an important issue for the communication satellite industries. For accurate determination of satellite remaining mission life, it is essential to estimate the amount of propellant present in the tank of the spacecraft. Because the annual revenue incurred from a typical communication satellite operating at its full capacity is on the order of billion of dollars, premature removal of spacecrafts from their orbits results in heavy losses.
Various techniques such as the bookkeeping method, the gas law method, numerical modeling techniques and use of capacitive sensors have been employed in the past for accurate determination of the amount of propellant present in the spacecraft. Their comparative advantages and disadvantages have also been studied. Engineers in Southwest Research Institute suggested and developed a gauge system based on adiabatic compression and expanding with a volumetric compression to estimate the amount of propellant left in the tank of the satellite. It is the compression mass gauge based on adiabatic compression technique. This paper discusses the effects of the uncertainty in the instruments employed in the compression mass gauge on the predicted amount of propellant present in the tank. Nomenclature 
Description of the Model
In compression mass gauging, the gas/vapor in a tank is slightly compressed by a bellow or some other extendible device. The gauging incorporates a pressure sensor to measure the changing P in the tank pressure P accompanying the change in tank volume. Assuming for the moment that the gas is ideal, the liquid is incompressible, the wall of the tank are rigid, the compression process is adiabatic, and G V V G V G , the gas/vapor volume is given by the thermodynamic relation [1] :
After computing G V from Eq.(1), the liquid volume is computed by the difference of the tank volume T V and the gas volume G V .
In theory, the principle of adiabatic compression is independent of the configuration of the liquid and gas or the tank shape. It has been pointed out that Eq.(2) does not include real system effects such as liquid compressibility, tank elasticity, heat transfer effects et al. The gas in the tank usually consists of propellant vapor and pressurant gas, so the special heats ratio of gas must be calculated as follow:
Where vsat P is the saturation pressure of the propellant vapor, a function of tank temperature t T .
Error Analysis
Eqs. (2) and (3) suggest that the precision with which the volume of the propellant present in the propellant tank is estimated depends on the precision of four parameters, namely, propellant tank volume and its change, and pressure sensors mounted on propellant tank. There is also an indirect influence, tank temperature t T . We start by applying uncertainty method to the equation for liquid propellant mass that gives the desired measurement in terms of directly and indirectly measured quantities. Eqs. (2) and (3) are combined to give the liquid volume:
Using conventional techniques the uncertainty in L V can be expressed in terms of the measurement uncertainties of T V , t P , V , t P and vsat P et al.
Where U is the uncertainty of a measured or computed value. Eq. (4) is differentiated to obtain the various sensitivities that are substituted into Eq.(5) to give:
Then Eq. (6) can be used to get an estimate of the CMG measurement uncertainty.
System definition and measurement values
Before applying an uncertainty analysis, it is necessary to define the system parameters and obtain representative values of all measured quantities required for the CMG measurement. The sample set of readings used for the error analysis is given in Table 1 with fill level of 50% [2, 3] . To study how the calculated value of the propellant volume is affected by the precision of an individual parameter independent of the precision of all other parameters, a particular parameter was chosen at a time and the precision of that particular parameter was varied, fixing the uncertainty in all other parameters at zero. As a result it was possible, using the Monte Carlo technique to study the variation in the precision and the error in the calculated value of the volume of propellant present in the tank with the variation in the precision of the particular parameter chosen [4] .
Implementation of Monte Carlo Method
This section illustrates the method of implementation of the Monte Carlo method used for error analysis by illustrating the effect of the uncertainty in the measurements obtained by the propellant tank temperature sensor on the propellant volume calculated.
Assuming that the true values of tank volume are normally distributed around its measured value ( Table 1 , a set of 10 6 true values can be generated using Eq. (2) ) to be the true value (as assumed for all other parameters) and using Eq. (2), an exact value for volume of propellant present in the tank (say 0
eV V V represents the error which we will be making in our estimation of propellant volume present when using the measured value employing Eq.(2). The effect of the uncertainty in all other parameters on the calculated volume of propellant present was studied in a similar way. 
Results and Discussion
As the uncertainty is varied from 0%~1% of each parameter, observations can be made from Fig.1 
So if the uncertainty of tank pressure, pressure change and volume change have the same uncertainty they will contribute the same percentage to the uncertainty of propellant volume. Fig.2 Under the given condition, when the precision of pressure change sensor is high, the contribution of tank volume uncertainty makes the dominant influence in all fill level, or else is the pressure change sensor. It also can be seen in Fig. 2 that the influence of tank volume error is greater as the fill level climbing up and effect of pressure change error decreases contrarily.
Conclusion
The model of Compression Mass Gauge method is introduced. The accuracy of compression mass gauge is seriously impacted by the tank volume and pressure changed uncertainties. The influence of tank volume error is greater as the fill level climbs up and effect of pressure change error decreases contrarily.
